Characterization of High Density Lipoproteins in Patients
Heterozygous for Tangier Disease GERD ASSMANN, OTTO SIMANTKE, HANS-ECKART SCHAEFER, and ELANNE SMOOTZ, Abteilung fur Klinische Chemie und Zentrallaboratorium der Kliniken der Universitiit Koln, und Pathologisches Institut der Universitat Koln, 5 Koln 41, West Germany A B S T RACT In this study a large family group affected with Tangier disease has been investigated. Besides two homozygous propositi, several heterozygous patients have been identified on the basis of quantitative measurements of high density lipoproteins and their constitutive polypeptides. By a variety of quantitative immunological methods, such as one-dimensional Laurell electrophoresis, two-dimensional immunoeletrophoresis, and double-antibody radioimmunoassay, the total amount of apoprotein A-I and apoprotein A-II contained in the serum of heterozygous patients and the distribution of these A apoproteins among serum lipoproteins have been determined. The molar ratio of apoprotein A-I and apoprotein A-II contained in high density lipoproteins ofheterozygous patients did not significantly differ from that of control preparations, although the total mass of high density lipoproteins was reduced by approximately 50%. The elution profile of high density lipoproteins from agarose columns and their morphological appearance, as ascertained by electron microscopy, were similar to control preparations. In addition to the quantitative alterations of serum lipoproteins, lipid storage in histiocytes of the rectal mucosa obtained from heterozygous patients has been documented. It is concluded that patients heterozygous for Tangier disease have normal high density lipoproteins in circulation, the total mass of which is reduced by approximately 50%.
INTRODUCTION
We have previously determined that normal high density lipoproteins (HDL)1, as defined by polypeptide composition and morphological appearance, are absent from the plasma of patients homozygous for Tangier disease, and that only trace quantities ofthe major HDL apoproteins, apoprotein A-I (Apo A-I) and apoprotein A-II (Apo A-II), can be detected in their plasma (1, 2) . Instead, an abnormal lipoprotein, which contains only Apo A-II as protein constituent, has been identified and characterized (2) . To understand further the nature of the biochemical defect in Tangier disease and the metabolic role of HDL in plasma, we have undertaken a study of the macromolecular composition of HDL in members of one large family group. The study was designed first to identify heterozygous patients in a survey of a family affected with Tangier disease, and second to characterize their HDL. The results of this biochemical and genetic investigation are the subject of this report.
METHODS
Patients. The clinical and biochemical findings of the propositi (E. G., J. S.) of this family group have previously been reported in detail (1) (2) (3) (4) . The family originated in an area of geographical isolation near the city of Cochem at the Mosel River, and approximately 90% ofthe close and distant relatives of the propositi now live in eight adjacent villages within a total area of about 50 square miles. Comprehensive pedigree information extending several generations back was obtained from written records, i.e. church books, the earliest dating back to 1640; however, between 1640 and 1676 the family data were incomplete.
Relatives. Fasting blood samples were obtained from 143 subjects related to the propositi. These subjects were subdivided into three groups: (a) 59 close relatives, including parents, siblings of parents, and offspring; (b) 69 distant relatives, including offspring ofsiblings ofgrandparents and greatgrandparents; and (c) 15 spouses of relatives. Fasting blood samples were repeatedly obtained, as many as 10 times, from obligate heterozygous patients (children and parents of propositi), and certain relatives who, on the basis of low HDL cholesterol and low serum Apo A-I levels at the original sampling, were suspected to be heterozygous for Tangier disease.
Controls. Serum samples from 148 apparently healthy subjects (hospital employees and employees of a pharmaceutical company in Koin) and 989 hospital inpatients (depart-The Journal of Clinical Investigation Volume 60 November 1977 1025-1035 1025 ments of internal medicine, surgery, and dermatology) were separately analyzed as controls. Out of the 989 hospital inpatients, a subgroup of 561 normolipidemic subjects (age-adjusted for cholesterol and triglyceride values) have been separately investigated.
Healthy subjects were ambulatory, had no known family history of hyperlipidemia or diabetes mellitus, and had normal liver function as assessed by determination of aspartate and alanine amino-transferase, alkaline phosphatase, and L-yglutamyl-transferase. Although most of the control patients (estimated 95%) were fasting at the time of sampling, food intake in some patients might have influenced HDL cholesterol values. To evaluate this possibility, serum of20 normal volunteers was obtained before and 3 h after breakfast, which consisted of 800 cal and was chosen to contain either 560 calories of carbohydrate or 560 calories of fat.
Blood samples. 20-100-ml samples of antecubital vein blood were collected on the same day from 143 relatives. The sera were obtained by centrifugation at 10°C within 4 h and were processed for cholesterol, triglyceride, HDL cholesterol, and serum Apo A-I within 12 h after sampling. This approach guaranteed optimal conditions of standarization and reproducibility of analytical methods. To confirm the genetic relationship of individuals, serological typing of blood and tissue antigens was performed on all samples2.
Lipid and lipoprotein analyses. Serum samples were enzymatically analyzed for cholesterol and triglyceride on a twochannel AutoAnalyzer (Technicon Instruments Corp., Tarrytown, N. Y.) as described (5, 6) . The coefficient ofvariation was less than 1%, and accuracy was within 3% of the target value for cholesterol analysis; whereas for triglyceride analysis, the coefficient of variation was less than 3% and accuracy was within 5%. Very low density lipoproteins (VLDL) and low density lipoproteins (LDL) were precipitated from a 1-ml aliquot ofserum by the addition of50 p1 of2 M MgCl2 and 50 ,ul of dextran sulfate 500, 20 g/liter (Pharmacia Fine Chemicals, Inc. Uppsala, Sweden), (7) , and HDL cholesterol determination was performed on the supernatant fraction by the enzymatic cholesterol method.
The validity of this method for HDL cholesterol determination was evaluated in the following ways: (a) In 150 control sera, lipoproteins were isolated as specifically outlined by the Lipid Research Clinic study protocol (8) , except that Apo Bcontaining lipoproteins (LDL, lipoprotein[a]) of the 1.006 infranate were precipitated by the MgCl2-dextran sulfate procedure, followed by enzymatic cholesterol determination ofthe supernate. Comparison of HDL cholesterol values obtained by the different methods revealed that the results were identical within analytical error alone (correlation coefficient 0.99). (b) With 100 further control sera, single fractionation was performed at d = 1.063 g/ml KBr (48 h at 50,000 rpm; 50 Ti rotor; Beckman Instruments, Inc., Fullerton, Calif.), and the cholesterol in the d > 1.063 g/ml isolate was compared with values obtained by the precipitation method. In these experiments, no significant difference in the cholesterol values obtained by the different analytical methods was observed (correlation coefficient 0.95). (c) The purity of HDL obtained by the precipitation technique was qualitatively assessed in all specimens by agarose electrophoresis of the supernate (pre-prepared agarose gels; Corning-EEl, Halstead, Essex, England).
As determined by the addition of increasing amounts of isolated HDL to fresh serum, recovery of HDL was complete up to concentrations of 150 mg/dl. (d) The serum Apo A-I content was measured in 20 specimens before and after precipitation 2Analyses of blood and tissue antigens of relatives of propositi were kindly performed by Professor Dr. Ch. Rittner and Dr. P. Hanfland, Kliniken der Universitat Bonn. of VLDL and LDL by radioimmunoassay (1) and was found to be almost identical (correlation coefficient 0.96). This result excluded the possibility that, under the experimental conditions chosen, a significant part of the HDL coprecipitated and escaped determination. Quantitation of Apo A-I was performed by double-antibody radioimmunoassay (1) using the original, nondelipidated serum as antigen source. Inasmuch as only 30% ofthe Apo A-I present in fresh serum can be identified by our radioimmunoassay procedure without prior delipidation, absolute serum Apo A-I values have been calculated by extrapolation (factor 3.3). It is realized, however, that the degree of immunoreactivity of Apo A-I in both native and partially delipidated lipoproteins may not be identical from sample to sample, and that this approach may only serve to obtain approximate values.
Quantitation and composition of HDL in heterozygotes.
Further analysis of HDL (see below) was performed in the following patients: eight obligate heterozygous patients (parents and children of propositi) and five presumed heterozygous patients (see Results). The following analyses were performed for all heterozygous patients and 10 normolipidemic controls: (a) quantitation of A apoproteins in serum by twodimensional immunoelectrophoresis. Monospecific antisera for Apo A-I and Apo A-II were raised as previously described (1) . An antiserum that contained antibodies to both Apo A-I and Apo A-II was obtained commercially (Behring-Werke, AG., Marburg, West Germany). These antisera were utilized to quantitate the A apoproteins by two-dimensional immunoelectrophoresis (1) in whole serum. At the end of the first electrophoresis, two strips of identical size (each 50 x 5 mm and corresponding to 1 ,ul in original serum) were removed from one microscope slide and separately analyzed for the presence of Apo A-I and Apo A-II. This approach guaranteed that identical amounts of serum were analyzed for their apoprotein content, thus facilitating the accurate determination of Apo A-I/Apo A-II ratios and absolute quantities in serum. Standard curves were obtained with two reference serum samples and two HDL samples (isolated by ultracentrifugation) in which the precise amounts of Apo A-I and Apo A-II were determined by radioimmunoassay of delipidated aliquots (1). The reference samples were stored at 4°C and used over a period of 2 mo. There was a linear relationship between the protein concentration of A apoproteins contained in serum or HDL samples and the areas under the immunoprecipitin arcs. The between-assay coefficients of variation over a period of 2 mo for the Apo A-I/Apo A-II ratio of the reference sera and HDL standards were 3% and 4%, respectively. (b) Quantitation of A apoproteins by Laurell electrophoresis: 1 ,ul of standard or sample, properly diluted with buffer, was applied to the electroimmunoassay plate. A field strength of 10 V/cm-1 was applied to the plate for 10 h. Antisera, serum standards, and HDL standards were those described for the double immunoelectrophoresis procedure. For simplicity, only undelipidated sera of patients were analyzed for their apoprotein content. The between-assay coefficients of variation over a period of 2 mo for the Apo A-I/Apo A-II ratio of the serum and HDL standard were 4 and 5%, respectively. (c) Quantitation of A apoproteins in Apo HDL by radioimmunoassay (1) . HDL was isolated by ultracentrifugation (1.063-1.21 g/ml KBr) and delipidated by chloroform-methanol extraction (10) . Apoproteins were solubilized in 0.05 M NH4HCO3, pH 8.6, and Apo A-I and Apo A-II concentrations were determined by double-antibody radioimmunoassay (1) . Protein concentrations of apoproteins were determined by the method of Lowry et al. (11) using bovine serum albumin as standard. Aliquots of apoproteins were kept frozen in phosphate buffer, pH 8.4, and were subsequently used as quantitative standards for the assays of unknowns.
(d) The ratio of Apo A-I to Apo A-II was also qualitatively 1026 G. Assmann, 0. Simantke, H-E. Schaefer, and E. Smootz assessed by sodium dodecyl sulphate polyacrylamide electrophoresis (12) of HDL as isolated by agarose column chromatography (see below). Analysis of HDL by agarose column chromatography. 10 ml of fresh serum obtained from heterozygous patients and controls were adjusted to d = 1.21 g/ml KBr and spun at 50,000 rpm, using a 50 Ti rotor, for 48 h (6.5 x 108g-min) in the preparative ultracentrifuge (Beckman Instruments, Inc.). After ultracentrifugation, 2.2 ml of the top layer were quantitatively applied to a column of Sepharose 6B (Pharmacia Fine Chemicals, Inc.; column size 200 x 2 cm), equilibrated in 0.9% NaCl, 0.05 M NH4HCO3, 0.01% EDTA, and 0.01% NaN3, pH 8.0. The column effluent was monitored at 280 nm. The presence of A apoproteins in column fractions was qualitatively assessed by double-immunodiffusion utilizing an antiserum to HDL apoproteins. Column fractions containing A antigenicity were further investigated for the relative distribution of Apo A-I and Apo A-II by sodium dodecyl sulphate polyacrylamide electrophoresis. Cholesterol and triglyceride analyses of column fractions corresponding to VLDL, LDL, and HDL were made on pooled lipoprotein samples which had been concentrated in ultrafiltration cells (Amicon Corp., Lexington, Mass.).
Electron microscopy of HDL. HDL from patients heterozygous for Tangier disease and from controls was prepared by ultracentrifugation (1.063-1.21 g/ml KBr) and dialyzed against 100 vol of 0.05 M NH4HCO3, pH 8.6. These preparations were applied to Pioloform-coated copper grids (Wacker-Chemie, GmbH, Burghausen, West Germany) and were negatively stained with 5% ammonium molybdate solution.
Tissue specimnents. Histological and ultrastructural studies were made on rectal mucosa biopsies obtained from the following patients: (a) five patients who, on the basis of biochemical analyses, were suspected to be heterozygous for Tangier disease, (b) the mother of the propositus (obligate heterozygote), (c) one unaffected close relative, and (d) two non-related patients with familial type V hyperlipoproteinemia. The tissue was immediately fixed for 2 h with 2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.2, washed in the same buffer containing 7% sucrose, and post-fixed in 2% osmium tetroxide, phosphate-buffered to pH 7.2. Semifine and thin sections obtained from material embedded in Epon 812 (Shell Chemical Co., Div. of Shell Oil Co., New York) were stained for light and electron microscopy by the usual procedures.
For the visualization of lipids, 6-,um thick cryostate sections were cut from glutaraldehyde-fixed tissue, immersed overnight in a solution of 1% gum arabicum and 0,88 M sucrose. Sections were stained for lipids by an alcoholic Sudan black B-solution (General Aniline & Film Corp., New York) containing horseradish peroxidase to prevent nonspecific staining due to endogenous peroxidase (13) . The presence of birefringent lipids was examined in unstained serial sections or in sections exposed to nuclear stains (e.g., hematoxylin or Feulgen's reaction). Birefringence was studied under planepolarized light at room temperature and upon heating to 60°C. To visualize histiocytes further, sections were incubated for the histochemical demonstration ofacid phosphatase using the hexazonium method of Barka 
RESULTS
Study of the kindred. The propositi are two ofthree children born to parents of German ancestry, both of whose families have lived at the Mosel River for several generations. The mother and father are both 79 yr of age and in good health. Antecedents of the present family have been traced back to 1640; analysis of the ancestry revealed consanguinity (Fig. 1) .
The relationship of HDL cholesterol to serum Apo A-I concentrations among relatives is illustrated in Fig.  2 . Total HDL cholesterol levels were correlated with serum Apo A-I concentrations in both male (r = 0.77) and female (r = 0.70) relatives. A number of relatives were found to have both low HDL cholesterol and Apo A-I concentrations; levels in children and parents of propositi ranged from 27 to 39 mg/dl for HDL cholesterol, and from 44 to 70 mg/dl for serum Apo A-I, respectively. Among the obligate heterozygous patients, the mother of the propositi exhibited the highest HDL cholesterol (39 mg/dl) and serum Apo A-I levels (70 mg!dl). Inspection of the data in Fig. 2 reveals that definite recognition of heterozygous patients on the basis of "abnormally low" Apo A-I values alone or in combination with "abnormally low" HDL cholesterol levels might be difficult to establish. Considerable overlap in both parameters occurred between patients considered normal or abnormally low. The reason for this overlap might be twofold: the radioimmunoassay determination of Apo A-I in nondelipidated serum might not provide enough accuracy, and HDL cholesterol and Apo A-I concentrations are subject to influence by hormones, age, nutrition, hyperlipidemia, and possibly other variables (15) , thus theoretically providing only crude parameters for arbitrary selection of Tangier heterozygotes. Despite these considerations, an attempt was made to establish whether or not heterozygotes could be identified among relatives of the propositi on the basis of percentile cutoff points for Apo A-I and (or) HDL cholesterol as determined in a control population. Two control groups (989 hospital in-patients and 148 normal volunteers) were separately analyzed for one or both parameters.
HDL cholesterol concentrations in controls. (a) Effect of nutrition. The HDL cholesterol concentrations measured in 20 normal volunteers before and 3 h after breakfast (fat or carbohydrate feeding) were either identical or differed by+ 1 mg/dl. These data are in accord with previous observations (16, 17) , that food ingestion does not significantly affect HDL cholesterol levels in normal subjects. (b) Effect of sex and age. In the two control groups, women had significantly higher mean HDL values (52. 46.9 mg/dl). The fifth and tenth percentile cutoffs for HDL cholesterol in the control groups are shown in Table I . The mean values for either sex are in close agreement with those reported by others (15, 17, 18) using different methods of isolation or determination. The mean HDL cholesterol concentration obtained for each sex in seven different age groups among hospital in-patients was not statistically significant. Serum Apo A-I concentrations in controls. Table II presents the serum Apo A-I concentrations of normolipidemic volunteers as determined by double-antibody radioimmunoassay of fresh serum. The absolute values obtained are similar to those previously determined in delipidated serum (1) . The sex difference observed for HDL cholesterol could also be demonstrated for serum Apo A-I concentrations, and the absolute values equal those determined by Albers et al. (15) using an immunodiffusion assay procedure. The possible effects of age are suspected to be minor (15) and have not been investigated.
Identification of heterozygotes. Inasmuch as among distant relatives only a few subjects were found to have low HDL cholesterol and serum Apo A-I values, further analysis was limited to close relatives. A pedigree of close relatives has been constructed ( Fig. 3 ) in which those relatives were provisionally considered heterozygous whose serum Apo A-I levels were lower than the fifth percentile cutoffs of the control group of normolipidemic volunteers (Table II ; Apo A-I: 82 mg/dl in females; 77 mg/dl in males). For most of the patients selected by these criteria, HDL cholesterol values were likewise below the fifth percentile cutoffs of the controls (Table I; HDL cholesterol: 33 mg/dl in females; 28 mg/dl in males), and, with the exception of three females (HDL cholesterol 38, 39, 40 mg/dl) and four males (HDL cholesterol 32, 32, 32, 35 mg/dl), HDL cholesterols for those subjects in question were within the tenth percentile cutoffs of the controls (Table I; HDL cholesterol: 36 mgldl in females; 31 mg/dl in males). In this context, it appears noteworthy that the sister of the propositi takes oral contraceptives; repeated analyses over a 12-mo period of the HDL cholesterol ofthe mother and sister ofthe propositi showed a variation between 27 and 41 and 29 and 42 mg/dl, respectively. This considerable variability of HDL cholesterol values in heterozygotes has been previously noted by Fredrickson et al. (17, 19) light on the problem of the predictability of phenotypes by arbitrary cutoff points. To obtain further support for the validity of the assignment as heterozygous, a specific search for tissue storage of lipids in several of the presumed heterozygotes, one obligate heterozygote, and one non-affected relative (Fig. 3 , pedigree numbers: IX 8, X 3, X 4, X 5, VIII 11, IX 26, IX 35) was undertaken. Since abundant foam cells can be detected in the rectal mucosa of homozygous patients (3, 4) , rectal biopsy specimens were considered as a convenient source for tissue analysis. Without exception, lipid deposits could be de- tected in individuals predicted to be heterozygous for Tangier disease (Fig. 4) . These lipids occur in histiocytes of the upper colonic lamina propria as sudanophilic intracytoplasmic droplets. Contrary to the fat present in submucosal fat cells, most of the histiocytic lipid deposits do not reduce osmium tetroxide indicative of the high degree of saturation of fatty acids in the stored lipids. Beneath or within the droplets there are birefringent crystalline inclusions which disappear upon heating to 60°C and reappear upon cooling.
In an inconsistent manner a few lipid droplets occurred in histiocytes of rectal mucosa biopsies obtained from controls. However, in no case were birefringent crystals detectable. The lipid-storing histiocytes may contain ceriod-type lipochrome granules exhibiting a weakly positive periodic acid-Schiff reaction and a vivid ultraviolet-autofluorescence. Contrary to the homozygous state, histiocytes in the deep lamina propria and smooth muscle cells are always void oflipid inclusions (Fig. 4) .
HDL composition in heterozygotes. To evaluate the composition of HDL (Apo A-I, Apo A-Il, and total cholesterol), a total of 12 heterozygous patients were selected from the 143 relatives of the propositi: seven obligate heterozygous patients (children and parents of propositi) and five presumed heterozygous patients (in whom abnormally low HDL cholesterol and Apo A-I values, as well as lipid storage in the rectal mucosa, has been documented). The results of the quantitative analyses of each of these patients and 10 controls are summarized in Table III and were obtained in the following ways: (a) Two-dimensional immunoelectrophoresis of fresh serum allows for the determination of the total quantities of A apoproteins and their distribution among lipoproteins. As demonstrated in Fig. 5 , the total quantity of HDL apoprotein was substantially reduced in heterozygous patients. A apoprotein antigenicity could be detected only in regular alpha-electrophoretic position excluding the possibility that major amounts of A apoproteins in heterozygotes are associated with lipoproteins other than HDL. The ratio ofApo A-I to Apo A-II in the HDL ofheterozygotes, as evaluated by area measurements of the immunoprecipitates obtained with monospecific antisera, was identical to that of control HDL contained in fresh serum. The results of quantitative analyses deduced from these immunoelectrophoresis experiments are listed in Table III . (b) Independent confirmation ofthe absolute quantities of A apoproteins and their ratio in the native sera of heterozygotes and controls was obtained by Laurell electroimmunoassay and doubleantibody radioimmunoassay of A apoproteins contained in Apo HDL (Table III) . The results of these analyses were in close agreement with those obtained by two-dimensional immunoelectrophoresis. (c) Agarose gel chromatography of the d = 1.006-1.21 gIml KBr lipoproteins reveals a regular elution profile of HDL obtained from heterozygous patients (Fig. 6 ). The total amount of HDL protein, as measured by ultraviolet absorption of column fractions at 280 nm, was substantially reduced in all heterozygous patients. HDL column fractions were concentrated and qualitatively analyzed for their apoprotein composition by SDS polyacrylamide electrophoresis (not shown). The gel-electrophoresis pattern did not provide evidence for an abnormal distribution of A apoproteins; in particular, an A-II lipoprotein particle, present in the plasma of homozygous patients (2), could not be detected in any of the heterozygous patients studied. (d) Electron microscopy of negatively stained HDL fractions isolated from heterozygous patients by ultracentrifugation (d = 1.063-1.21 g/ml KBr) did not reveal any morphological abnormality or preponderance of particles of smaller or larger size (80-150 A diameter) (not shown). Two aspects of the plasma lipoproteins in heterozygotes deserve mention: first, in contrast to homozygous patients who demonstrated low LDL concentrations and an abnormal LDL cholesterol/triglyceride ratio (1/3), both the absolute amounts of LDL and its composition were normal in heterozygous patients; and second, the particle spectrum extending from VLDL to LDL in the serum of homozygous patients (Fig. 6 ) could not be observed in the serum of heterozygous patients.
DISCUSSION
The familial nature of Tangier disease was recognized in the early reports by Fredrickson et al. (20, 21) . These authors have provided evidence that major clinical manifestations (splenomegaly, hepatomegaly, lymphadenopathy, peripheral neuropathy, corneal alterations, low plasma cholesterol) occur in the homozygous genotype, and that heterozygotes, although asymptomatic clinically, can be detected by a decrease in plasma HDL cholesterol concentrations. The biochemical conclusions drawn from these earlier studies, however, were limited since HDL was thought to contain only one apoprotein. Later observations have indicated that normal HDL contains two major apoproteins (Apo A-I and Apo A-II), and that these apoproteins have a function in lipid metabolism (Apo A-I as activator protein of lecithin-cholesterol acyltransferase) in addition to their ability to solubilize and transport lipids (22) . More recent evidence derived from immunochemical and physicochemical analyses of HDL suggests that Apo A-I and Apo A-II in HDL occur in a molar ratio of approximately two-to-one (1, 23) , which is possibly an essential requirement for the structural integrity ofthese lipoproteins.
The results of the present investigation establish that this molar stoichiometry is maintained in the HDL of heterozygous patients, although the absolute quantities of this lipoprotein and its constituent A apoproteins are reduced to approximately 50% of normal. As confirmed by two-dimensional immunoelectrophoresis of serum, radioimmunoassay of Apo HDL, and gel chromatography of lipoproteins obtained from patients heterozygous for Tangier disease, the A apoproteins are mostly confined to HDL. Despite an intensive search, no abnormal lipoproteins, as previously described for homozygous patients (2) , could be detected in the heterozygous carrier.
In these studies, the existing abnormally low HDL cholesterol and A apoprotein deficiency, in conjunction with histological evidence of lipid storage in the rectal mucosa, have been used as parameters for provisional detection of family members heterozygous for Tangier disease. It is apparent that in the absence of a genetic marker or an abnormal lipoprotein in circulation, patients heterozygous for Tangier disease cannot be identified with certainty in the general population on the basis of low HDL cholesterol or Apo A-I deficiency alone. The studies clearly reveal that cutoff points, below which 5% of control values are found, may serve only as arbitrary limits, and that HDL cholesterol values or serum A apoprotein concentrations in heterozygotes may fall outside and within the normal range. In addition, the question to what extent age, sex-linked factors, nutrition, or environmental factors may have influenced HDL levels in heterozygotes cannot be ascertained at present. A decreased HDL level may also be encountered in other genetic disorders (abetalipoproteinemia, familial hyperchylomicronemia, and familial lecithin-cholesterol acyltransferase deficiency) (10, 24, 25) and in certain metabolic alterations (carbo- 1032 G. Assmann * See pedigree of family ( Fig. 3) . Assuming that 28.300 and 17.400 are mol wt for Apo A-I and Apo A-II, respectively. Patient on oral contraceptives. hydrate feeding, malnutrition, and hypertriglyceridemia) (26) . These examples of secondary HDL deficiency, the precise origin of which is not understood in most cases, amplify the observation that the segregation of heterozygotes in Tangier disease on the basis of lipoprotein or apoprotein determination in serum is most difficult to undertake. The finding, however, that HDL deficiency in Tangier disease is associated with lipid storage in the rectal mucosa and possibly other tissues may provide a useful index to monitor for heterozygous patients in the population. There are certain lipid and lipoprotein abnormalities (fasting hyperchylomicronemia, hypertriglyceridemia, "broad-beta" band in agarose electrophoresis, and triglyceride-rich LDL) which have been observed in most patients homozygous for Tangier disease (19) . In our studies, with the exception of mild hypertriglyceridemia in a few instances, none of these features could be detected in any of the heterozygous patients. This is good supporting evidence for the belief that the catabolism of triglyceride-rich lipoproteins and the formation of LDL are only secondarily affected in the homozygous patient as a consequence of complete HDL deficiency, and that in the heterozygote, half of the normal amount of HDL is sufficient to maintain regular lipoprotein interconversion. Nevertheless, the mild hypertriglyceridemia observed in some heterozygous patients may represent a genetic example of an inverse relationship oftriglycerides and HDL in plasma. In this context it appears noteworthy that extensive clinical studies in the two homozygous patients (42 and 46 years old) and two obligate heterozygous patients (parents of propositi; 79, 79 years old) did not provide evidence of coronary artery disease or peripheral vascular disease. 3 Thus, genetic HDL deficiency may be an important exception to the general concept that subnormal levels of HDL are related to the risk of acquiring coronary artery disease (15, (27) (28) (29) (30) . There are several possible interpretations of HDL deficiency in
